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The genus Lachenalia Jacq.f. ex Murray is endemic to South Africa and Namibia. These bulbous plants are used in a 
breeding programme for pol plants at ARC-Roodeplaat. Several authors have attempted to divide the genus into 
groups or subgenera. However, these sUb-divisions are not very useful fOf breeding purposes. The present study of six 
interspecific hybrids and their parents was undertaken on chromosome association and ch iasma frequency , using 
meiosis to draw conclusions about the ir re lationship. All species and consequently aU hybrids used in th is study have a 
basic chromosome number of x = 7. The study of the meiotic behaviour of the interspecific hybrids of L. a/oides, L. 
orchioides, L. reffexa and L. viridiflora revealed that these species are very closely related and that they can be 
grouped together, especially for breeding purposes. The grouping of L. orchioides, together with L. a/oides, L. reffexa 
and L. viridiflora differs from all other attempts to divide the genus Lachenalia into groups or subgenera. Further 
studies are needed to determine whether L. mutabilis, which has always been grouped with L. orchioides, should also 
be grouped Wi th these species. 
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Introduction 
Lachenalia Jacq.f. ex Murray is a genus endemic to South Africa 
and Namibia. A concentration of species occurs in the south~ 
western Cape Province. The genus belongs to the family Hya· 
cinthaceae. These small bulbous plants, with their tubular or 
bell· shaped flowers arranged in a spike on a fleshy stem, are 
excellent pot plants. A breeding programme was initiated in the 
early 1960's at the Roodeplaat Vegetable and Ornamental Plant 
Institute (ARC·Roodeplaat) with an aim to develop new Lachen-
alia cultivars for commercial use as pot plants. Lubbinge ( 1980) 
reported on the first interspecific hybrids. Subsequently several 
other reports were published on the breeding work done by 
ARC-Roodeplaat (Malan e1 al. 1983, Hancke & Coertze t988, 
Coertze e1 al. 1992). 
On the basis of phenotypical appearance the genus was 
divided into subgenera (Baker 1897) or groups (Duncan 1988). 
The present species studied, L. alaides (L.f.) Engl., L. rejlexa 
Thunb., L. viridijlara W.F. Baker, L. archioides (L.) Ait and L. 
ntl/labi/is Sweet are grouped into three different subgenera 
according to Baker (1897). Duncan (1988) arranged them into 
the same major group, but into four different subgroups. Crosby 
(1986) divided the genus into five informal groups, based on 
l"henotypical appearance, chromosome number and crossability. 
According to Crosby's grouping the species L a/oides, L. reflexa 
and L. viridiflora belong to the L. a/oides group while L. mUlab;· 
lis and L. ol'chioides are grouped into the L. orchioides group. 
These species were separated into two different groups on the 
basis of the smal ler flowers of the L. orchioides group and the 
difficulty of obtaining hybrids between the two groups. 
Very little cytogenetic work on the genus has been published . 
Most of the papers on ly deal with chromosome numbers (Riley 
1962, Nordenstam 1982, Crosby 1986) and mitotic chromosome 
morphology (De Wet 1957, Mogford 1978). These studies 
revealed chromosome numbers of2n = 14, 16, 22, 24, 26, 28, 32, 
42,56andn = 5,6, 7,8,9, 10,11,12,14,16, 18,22and28. Var-
iation in chromosome number in the genus Lachena/ia occurs 
within an individual due to the presence of B·chromosomes 
(Hancke & Liebenberg 1990); within a species due to ploidy 
level differences and chromosomal aberrations (Ornduff & 
Watters 1978); and finally between species due to different basic 
chromosome numbers (Ornduff & Watters 1978). 
The only papers referring to meiotic studies are those of Mof-
fett ( 1936); Ornduff and Watters (1978) and Hancke and Lieben-
berg (1990). The reason for this may be the difficulty of 
obtaining suitable material , since meiotic divisions occur while 
the inflorescence is still in the bulb. Thus, bulbs arc destroyed in 
order to obtain material at the correct stage. Furthermore, the 
chromosomes of Lachena/ia fixed and stained poorly at the 
prophase I stages of meios is, making it difficu lt to study these 
stages (Moffet 1936). 
Chromosome numbers alone are not adequate for the pl.lrpose 
of a study of interspecific relationships within the genus. The 
present study of six interspecific hybrids and their parents was 
undertaken on chromosome association and chiasma frequency, 
using meiosis to draw conclusions about their relationship for 
further use in the breeding programme. 
All species, and consequently all hybrids, used in this study 
have a bas ic chromosome number of x = 7. The karyotypes are 
very similar with three pairs of long chromosomes and four pairs 
of short chromosomes. The short chromosomes are metacentric 
or submetacentric and cannot be consistently separated by differ-
ences in either length or arm ratio. The long chromosomes can be 
identified morphologically. One pair is distinctly acrocentric. 
The remaining two pairs are respectively meta~ and submetacen· 
tric, wi th the metacentric pair having a sate ll ite (Hancke & Lie· 
benberg 1990). Species having a basic chromosome number of x 
=7 are most freq uent ly lIsed in the breedi ng programme due to 
their desirable pot plant characteristics . 
Materials and Methods 
The six hybrids used in this study are used in a hreeding programme, 
but by the time th is study was initiated some of the parents \Vat: lost 
from the collection. Hybrids and their surviv ing parents which \vcre 
invt:stigated are listcd in Table I. The ilumbl,;rs allocated to the 
hybrids and those in brackcts after the specilic na111i,!S arc refercnce 
numbers used by the Vegdahlc and Ornamental Plant Research 
Institu te . Each Lachenalia cross results in a numht:r of seedlings. 
each called a selection. A selection vcgdativdy rroduces numerous 
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Table 1 Metaphase I meiotic pairing configurations, including mean and range (in brackets) and % poUen germination, including LSD's, in the 
studied Lachenalia species and F,-hybrids 
No, of Metaphase I meiotic pairing configurations, means and range ( in brackets) per PMC % Pollen ger-
PMC's mination 
Spet:ies or hybrid studied II 110 II II I II 211 II 212 " Total III IV Chiasmata (LSD) 
La/aides cv . Pear-
sonii (2l) 37 1.49 (0·3) 4.54 (3·6) 0.92 (0·1) 0.13(0·1) 7.00 8.00 (7·9) 92 .56 (33 .12) 
L a/oides vaT. (41) 60 2.18(14) 4.16(2- 6) 0.60 (0· 1) 0.06 (0·1) 7.00 7.65 (7·9) 94 .33 (13 .81) 
La/aides var 
quadrrcolor (155) 54 2.20 (0·5) 3.38 (0-1) 1.16 (0·1) 0.26 (D· I) 7.00 8.41 (7· 10) 47.20 (27 .04) 
L 1II1Ifahi/is (J 61) 40 2.74 (1·4) 4.03 (3- 5) 0.03 (0· 1) 0.20 (0,1) 7.00 7.23 (7·8) 77.56 (17. 70) 
L. rejlexa (181) 45 2.29 (0·4) 3.66 (1-6) 0.9 1 (0·1) 0.14 (0· 1) 7.00 8.06 (7· 10) 77.89 (27 04) 
L. Vlridiflora (194) 60 1.1 2 (0·2) 4.74 (3- 6) 1.07 (0·1) 0.07 (0·1) 7.00 8. 13 (7·9) 83.49( 17.10) 
7504: L orClio/des 
(6 1)* x L. lIlOldes 
vaT (4 1) 601192' 1.77 (0·5) 4 .23 (2·6) 0.93 (0· 1) 0.07 (0·1) 7.00 8.00 (7·9) 60.30 (12 .10) 
7512: L. vtridiflora 
(194) x L. a/aides 
cv. Pearsonii (22) 60172' 1.62 (0·4) 4.53 (3·6) 0.78 (0· I ) 0.07 (0·1) 7.00 7.85 (7·9) 60.35 (1210) 
7537: L.rejlexa 
(181)xL a/aides 
cv. Pearsonii (22) 60 1.42 (0·6) 5.02 (1 ·6) 0.42 (0·1) 0.14 (0·1) 7.00 7.54(7·9) 71.21 (12.10) 
7554: L. orcllloides 
var. glaucina 
(143)* x L alo/des 
var. quadrtcolor 
(155) 601352/1 1.40 (0·3) 4.38 (3·5) 1.18 (0·1) 0.04 (0· 1) 7.00 8.17(7·9) 38.52 (12.10) 
7556: L mutabilis 
( 16 1) x L alOldes 
var . quadrtcalor 
(155) 93 0.21 (04) 2.16( 1·5) 3.59 (1·5) 0.89 (0· 1) 0.00 6.64 (4·7) 0.09 (0·2) 0.06 (0·1) 7.92 (5·9) 4.16 (11.89) 
7513 : L /1Iuwbilts 
(15)* x L. aia/des 
ev. Pcarsonii (22) 83 0.77 (0·5) 12.77 (6· 14) 0.29 (0·1) 0.30 ( I ·3) 16.80(12. 10) 
liThe chiasma analys is was done on 60 PMC's, none of these cells have univalcnts ; the rest of the cells were studied only for abnormalities. 
* Species \vere nOI available by the time the st udy was conducted. 
bulbs (plants) over a period of timc. For the purpose of studying 
meiosis , only one plant of a s ingle selection was used. 
Flower spikes were di ssected from the bulbs as soon as they 
became visib le between the leaves. After d issection, the in flores· 
cenccs were fixed in a vacuum in a 6:3:2 mixture (v/v) of me thanol, 
I.:hloroform and propionic acid (Pienaar 1955) and the anthers were 
squashed in 2% prop ionic carmine. The chromosomes of Lachenalia 
tixed and stained poorly at the prophase J stages of meiosis, as men-
tioned earlier by Moffet (\936). Therefore, the investigation was 
limi ted to metaphase, anaphase and telophase of the first and second 
meiotic divisions. For each meiotic stage of each accession at least 
twenty po llen mother cell s (PMe's) were studied, unless otherwise 
speci fied . At least 60 (unless otherwise specified) metaphase I cell s 
\vere analysed for chiasmata frequencies. Bivalcnts were scored as 
follow: X / X:!, whe re Xr represents the number of chiasmata per 
hi valent, and Xz represents the number ofterminal ized chiasmata per 
bivalent. 
Pol len fertili ty of the hybrids was determi ned by randomly select-
ing 30 plants from different selections of the F I hybrid. In the case of 
the species, the number of plants used var ied between 4 to 23, 
depending on the num ber available. Pollen grains collected from 
fresh ly opened flowers were germinated by means of the hanging 
drop technique. The medium consisted of 10% sucrose and 0.01% 
boric acid . At least a hu ndred pollen grains ,vere counted for each 
plant 
Resu lts 
All species and hybrids used in this stud y have a diploid chromo· 
some number, except the hybrid 7513 viz. L. mll/abi/is ( 15) x L. 
a/oides tv. Pearson ~i (22). In this hybrid spontaneous chromo-
some doub ling occurred in one of the selections in such a way 
that some of the plants were diplo id while others were tetraploid . 
The plant selected for the s tudy of meiosis was, by chance, a 
lelraploid. 
The me iotic behaviour of all species and three of the hybrids 
namely, 7504 viz. L. orchioides (61) x L. aloides var. (41), 75 12 
viz. L. viridiflora (J 94) x L. aloides cv Pearsonii (22) and 7537 
viz. L. reflexa (18 1) x L. a/oides cv Pearsonii (22) was character-
ized by the fonnation of bivalents on ly (Table I and Figure l A) , 
and no meiotic abnormalities. During anaphase I , the large biva-
lents took slightly longer to disjoin than smaller ones (Figure 
18). In one of these bivalents the c hromosomes could be ident i-
fied as the acrocentric chromosome pa ir, the longest chromosome 
pair of the complements . This pair of chromosomes usually 
forms a bivalent that has two c hiasmata in the long arms. T he di f-
ferences in the chiasma frequencies between the hybrids 7504, 
7512, 7537 and their respec tively re lated parents were statisti-
cally non·significant (Table I). Pollen fertilities of all species and 
Ihat oflhe hybrid 7537 were high, 71 -92% (Table I ). Although 
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the pollen fertilities of the hybrids 7504 and 7512 were lower 
than those of the species they were still relatively high (60%). 
However, differences were stat ist ically significant (Table I). 
Meiotic irregularities were observed in the hybrid 7554 viz L. 
orchioides var. glaucina (143) x L. a/aides var. quadricolor 
(155). Pollen fertility was low, although not statistically lower 
Ihan that of the parent L. aloidesvar. quadrieolar (155) (Table I). 
Meiotic irregularities include 61 J + 21 (1.5% PMC 's); sidearm 
bridges formed by the acrocentric chromosome pair during ana-
phase I (27 % PMC's)(Figure 2A); one or two fragments at first 
division of anaphase (16% PMC's) and both s idearm bridges and 
one or two fragments (7% PMC's) (Figure 28). Differences in 
chiasma frequencies between the hybrid and the parent L. a/aides 
var. quadricolor (155) were statistically non-significant. 
Evidence of structural chromosomal changes was revealed in 
the meios is of the hybrid 7556, viz. L mllfabilis ( 161) x L. 
alaides var. qlladdeolor (155 ). PMC's (16.3%) containing uni-
valents and/or multivalents were observed (Tables 1 and 2, 
Figure 3 C- E). Consequently, cells containing an irregular 
num ber of chromosomes were observed at the second meiotic 
division. The frequencies of the different metaphase 1 pairing 
Figure 1 Meiotic cells showing bivalent formation which char-
acterises all species and three of the hybrids, namely 7504, 7512 
and 7537. (A) Metaphase I of the species L a/oides cv. Pearsonii. 
(8) Larger bivalents take slight ly longer to di sjoin than smaller 
ones. 
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Figure 2 Meiotic irregu larities in the hybrid 7554 : (A) Side-arm 
bridge formed by the acrocen tric chromosome pair. (8) Fragment 
and a side-arm bridge where the stretching leads to breakage of the 
bridge. 
Table 2 The frequency of metaphase I pairing configu-
rations for the hybrids 7513 and 7556 
Pairing Pairing 
Hybrib configuration % Hybrid contiguralion % 
7556 7" 83.7 7513 14 1[ 40.97 
611 + 2] 2. 17 131[ + 2] 12.06 
5[] + l lV 6.52 1211 + 11V 9.64 
5u + IJ1l= I] 3.26 1211 + lu ] + I] 20.49 
5]] = 41 1.08 121J + 4] 2.41 
4]] + 2111 2. 17 II ]] + l ]v+ 2 ] 2.4 1 
4/1 + Im = 3] 1.08 1011 + 21v 3.61 
IOu + I lv + 1m 
+ I , 3.6 1 
1011 + 2uI + 2] 1.20 
81l + I\v+ 1111 
+ 5, 1.20 
811 + 21V + 4[ 1.20 
6rr +31v+ Im + 
I, 1.20 
S. Afr. 1. Bot. 1998.64(4) 
configurations are shown in Table 2. Chiasma frequencies of the 
hybrid and the parent L. a/aides var. quadricolor (155) did not 
differ (Table I), whereas the chiasma frequency of the parent L. 
l1Iutabilis (161) was significantly lower. This was due to the 
lower number of 211 bivalents (Table I). Po llen fertility for the 
hybrid 7556 was very low (Table I ). 
Meiotic pairing of the tetraploid hybrid 7513 viz L. mutahilis 
( I S) x L. a/aides cv. Pearsonii (22) displayed a high degree of 
bivalent pairing. The number ofbivalents per cell ranged from 6 
to 14 with an average of 12.57 (Table I). In 40.97% PMC's only 
bivalents (F igure 4A) were observed (Table 2). No multivalents 
higher than the ploidy level were observed (Tables I and 2). As 
could he expected from such a meiosis some cells with an irregu-
lar number of chromosomes were observed at the second meiotic 
division. Due to the unfamiliar forms of the multivalents (Figure 
4C) the ch iasma frequency could not be determined. Pollen fer~ 
tility for this hybrid was fairly low (16.80%), although it was 
higher than that of the hybrid 7556, which is a lso a hybrid 
• 
• 
E 
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between L. I1Illwbilis and L. u/aides (Table 1). 
Discussion 
The meiotic behaviour of the hybrids 7504, 75 12 and 7537 can 
be considered to be very s imilar to that of thei r parental species. 
The formation ofbivaJents only reveals a high degree of chromo-
somal homology between L. a/aides and L. rejlexa, L. al"chioides 
and L. viridij/ora. In view of the fact that the hybrids have one 
parent in common, the conclusion can be made that the species L. 
rejlexa, L. orchioides and L. viridiflora should also be closely 
related to one another. The regular meiosis of the hybrids 7504 
and 7512 cannot explain the relatively low pollen ferti li ty in 
these hybrids. This may rather be the result of genetic and/or 
nueleo-cytoplasmic interactions, as is known to occur in inter-
specific hybrids (Sa lesses & Bonnet \993). 
Sub-chromatid exchanges are characterized by the formation 
of a bridge durLlg anaphase It which connects two homologous 
chromatics and carries a pair of s ide anns at app roximately its 
Figure 3 Metaphase I PMC's of the hybrid 7556 showing (A + B): 7,, ; C: 5\1 + I,v (~) ; (D): 5" + I '" (~) + I,; (E): 4\1 + 2", (~); (r): 4\1 + 
111d~)+31· 
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mid~point (Brandharn 1970), These bridges are called side-arm 
bridges or sub-chromatic bridges. This type of bridge was 
observed in 27% of anaphase I PMC's of the hybrid 7554 vi=. L. 
orchioides vaT. glaucina (143) x L. a/aides vaT. quadric alar 
( 155). 
In a meiotic survey done on 186 plants and 167 taxa in the 
Aloineae tribe of the family Liliaceae (now referred to as the 
family Aloaceae), Brandham (1970) found that chromatic and 
sub-chromatic errors occur with varying frequency in a great 
majority of the plants. He found that sub-chromatic errors are 
always accompanied by chromatic errors in a plant, but that the 
latter can occur alone. Where sub-chromatic exchange is charac-
terized by the formation of a side-arm bridge during anaphase 1, 
chromatic exchange results in either a dicentric bridge or a chro-
matic loop together with an acentric fragment during anaphase 1. 
S. Afr. 1. Bot. 1998,64(4) 
In the hybrid 7554 an acentric fragment or fragments were 
observed in 16% PMC's during anaphase I, but no chromatic 
loop was found along with the fragment. Neither was a dicentric 
bridge observed in any PMC. Thus, these fragments were not the 
result of chromatic exchange. Neither were they the result of 
inversion heterozygosity, as no such bridges were observed in 
first or second anaphase. Kabir and Singh (1991) reported on 
such fragments in Cicer. However, both a side-arm bridge and 
one/two fragments were observed in 7% PMC's of anaphase I 
(Figure 2B). 
Brandham (1970) suggested that chromatic and sub-chromatic 
errors may be due to chiasma malfunction. both being produced 
by different pattems of reunion following four-strand sub-chro-
matic breakage at a chiasmata. Thus this abnommality observed 
in the hybrid 7554, does not necessarily indicate a low degree of 
Figure 4 Metaphase 1 PMC's of the hybrid 7513 showing: (A): 14,,: (B): 11" + l,v (~) + 2,; (C): 10" + 2,v (» ; (D): 8" + l,v (» + I", (» 
+ 51' 
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homology between the parental lines. Taking the low pollen fer-
tility of the accession L. alaides var. quadricalor (155) (47.20% 
Table I) il1to account, it is possible that the above mentioned 
abnormally occurred in the accession of L. a/aides var. quadri-
c%I' . Due to a lack of plant material of L. a/aides var. quadri-
color (155), it was unfortunately not possible to study any 
meiotic phase other than the first metaphase for this accession. 
A It hough ev idence of structural chromosomal changes was 
revealed in the hybrid 7556 a high degree of homology still 
exists. The meiotic configuration of 4 11 + 2m (Table 2) in th is 
hybrid indicates that the two parental lines differ by two chromo-
somal interchanges. These interchanges invo lve three, not four, 
pairs of chromosomes. Therefore, one chromosome must have 
been involved in two independent interchanges. Analys is of most 
of the cells indicated that the acrocentric chromosome pair was 
involved in at least one interchange. With present data at hand it 
is not possible to dete rmine whether the acrocentric chromosome 
pair is implicated in the double interchange. With a double inter-
change, it is theoret ically possible to obtain a pentavalent or a 
hexavalen t. The absence of these rnultivalents in this study may 
be att ributed to the relatively low frequency of chiasmata in the 
parental species as well as in the hybrids (Table I). 
The results of the analys is carried out on the tetraploid form of 
the F I 7513 did not reveal any chromosomal interchanges. The 
high frequency of bivalents (average 12.57 per PMC, Table I) 
and the signi fi cant number of cells with 14 bivalents (40.97%, 
Tabl e 2) may indicate a lack of total homology between the 
genomes of these two species. However, it may also be explained 
in terms of competi tion for the formation of a chiasma, between 
chromosomes showing a certain homology. An allotetraploid 
wi ll frequent ly form bivaients , at meiosis, even where there is 
close similarity between the homeologous chromosomes, since 
homologous pairing take precedence over homeologous pairing. 
This phenomenon is termed differential affi nity (Darlington 
1965). Thus multivalent frequency wi ll be low, as in the case of 
the hybrid 7513. Under these conditions it is possible that chro-
mosomal interchanges can be hidden. For an accurate opinion on 
the homology between the species L. a/aides and L. mlllabilis the 
meiosis ofa diploid form of the hybrid 75 13 should be analysed 
and anaphase I and the second meiotic division of the accession 
of La/aides var. quadric%r ( 155) should be studied. Consider· 
ing the low pollen fertility of this accession (47.20% - Table I) 
end the abnonnal ities in the hybrid 7554 it is also possible that 
structural chromosomal changes exist in this accession of L. 
a/oides var. quadricolor. 
An interesting observation is the prominent involvement of the 
acrocentric chromosome pair in the abnormalities. This suggests 
either that these chromosomes are more prone to breakage and 
reunion than the others, or that interchanges involving the acro-
centric chromosome pair are more likely to survive than others. 
The phenomenon that some chromosomes are more prone to 
undergo breakage was also noted by Lanteri (1993) for 
Capsicum aWllIum. 
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Conclusion 
The study of the meiotic behaviour of the interspecific hybrids of 
the species L. a/oides, L. ol'chioides, L. re/lexa and L. viridiflora 
revealed that these species are very closely re lated and that they 
can be grouped together, especially for breeding purposes. The 
inclusion of L orchioide.~ into the so·called L. aloides-group 
(Crosby 1986), differs from all other attempts to divide the genus 
Lachenalia into groups. Further study is needed to determine 
whether L mutabilis could be grouped together with these spe· 
cies as well. This will question the right of existence of Crosby's 
(1986) L. orchioides-group. 
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